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57 ABSTRACT 
There is disclosed an image forming apparatus capable 
of compensating for fluctuations in the image forming 
conditions thereby ensuring optimum image formation. 
The image forming apparatus is provided with a control 
for modifying outputs from a processor for image for 
mation when the length of pause in the image formation 
operation of the processor exceeds a predetermined 
value. 

15 Claims, 13 Drawing Figures 
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IMAGE FORMINGAPPARATUS WITH CONTROL 
FOR MAGE FORMING CONDITIONS 

This is a continuation of application Ser. No. 360,684, 
filed Mar. 22, 1982. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to an image forming 

apparatus for image formation on a sheet, such as a 
copier. 

2. Description of the Prior Art 
Conventional electrostatic recording apparatus such 

as electrophotographic copiers have been associated 
with the drawbacks that the charging characteristics of 
the recording member, i.e. photosensitive drum, are 
affected by environmental parameters such as moisture 
and also by time-dependent changes such as mechanical 
fatigue during use. 

In order to compensate such environmental or time 
dependent effects, there has been proposed a method of 
controlling the image recording conditions such as the 
conditions of charging, exposure, developing etc. to 
attain optimum formation in response to the detected 
potential of the latent image formed on the photosensi 
tive drum, or a method of controlling the conditions of 
charging and exposure in response to the charging per 
iod to attain optimum image recording. 
Such conventional methods are however defective in 

that the apparatus becomes inevitably expensive since 
the detector for the surface potential is complicated and 
expensive. 
Also such conventional methods are unable to com 

pensate for a rapid fluctuation in the charging charac 
teristic of the photosensitive drum immediately after the 
start of electrostatic charging. Such fluctuation will 
hereinafter be referred to as initial fluctuation. 

Said initial fluctuation of the photosensitive drum, a 
phenomenon that the charging characteristic shows a 
rapid fluctuation during a short period immediately 
after the start of electrostatic charging due to the past 
charging hysteresis before it reaches a stable state, has 
become a problem in recent years since the idle waiting 
time in the copiers has become limited due to the in 
creasing copying speed. As shown by a curve in FIG. 1, 
the dark potential VD, which is a drum surface potential 
formed by an exposure corresponding to a dark image 
area, shows an exponential change from an initial value 
Vto to a final value Vt according to a time constant T1 
when the charging is initiated at to after a sufficiently 
long pause. Said potential change may appear in in 
verted form as represented by a curve B depending on 
the charging hysteresis, i.e. the charging state when the 
preceding charging is terminated. 
Also if the charging is initiated for example at t2 after 

an insufficiently long pause, the surface potential shows 
a change with the same time constant T1 from a different 
initial value (Vt2) to the afore-mentioned final value 
Vt, as shown by a curve A' or B'. Consequently the 
charge starting voltage varies from Vit to Vto with a 
time constant T2 (>T1) as shown by curves C and D in 
FIG. 1. In such situation the potential difference 
AE=Vt-Vto and the time constants T1, T2 vary ac 
cording to the charging hysteresis and environmental 
parameters, particularly humidity, and show fluctua 
tions among different production lots of the photosensi 
tive drum. Such initial fluctuation of the potential 
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2 
causes a density difference between the first and second 
copies or within a copy. 
Also such conventional control methods are not ef. 

fective enough since a predetermined control factor is 
always used even for the deterioration of the photosen 
sitive drum or a slow change in the environmental pa 
rameters, and are therefore unable to provide optimum 
image recording conditions. Furthermore, in such 
methods it is difficult to realize the desired recording 
conditions through frequently repeated control steps 
since the control procedure is not real-time and since 
the lamp utilized for forming light and dark image areas 
requires relatively long starting and extinguishing peri 
ods. Furthermore the eventual fluctuation of the char 
acteristic between different production lots of the pho 
tosensitive drum necessitates lengthy adjustment proce 
dure at each drum replacement in order to compensate 
the difference between the drum characteristic and the 
control factor, and such difference may retard the estab 
lishment of the optimum conditions or cause an exces 
sive compensation giving rise to an unstable control. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide an 
image forming apparatus not associated with the con 
ventional drawbacks and capable of compensating for 
fluctuations in the image forming conditions thereby 
ensuring optimum image formation. 
Another object of the present invention is to provide 

an image forming apparatus capable of modifying the 
amount of compensation in the image forming condi 
tions according to the change in the characteristic of the 
recording member and in response to the charging hys 
teresis relating to the length of pause before the start of 
image formation. 

Still another object of the present invention is to 
provide an image forming apparatus capable of correct 
ing the image forming conditions in response to the 
fluctuation of characteristic of the recording member at 
the start of charging step and also to the charging hyste 
TeSS. 

Still another object of the present invention is to 
provide an image forming apparatus capable of modify 
ing the image forming conditions in response to the 
length of pause before the start of image formation, 
detecting the state of thus formed image and controlling 
the image formation according to thus detected state. 
The foregoing and still other objects of the present 

invention will be clarified in detail from the following 
description of the preferred embodiments. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a chart showing the initial fluctuation in the 
charging characteristic; 

FIG. 2 is a block diagram showing an apparatus en 
bodying the present invention; 

FIG. 3 is a chart showing a method for correcting the 
lighting voltage of a halogen lamp; 
FIG. 4 is a chart showing the change in the dark 

potential at the start of charging; 
FIG. 5 is a control flow chart of an embodiment of 

the present invention; 
FIG. 6 is a chart showing the aberration of the dark 

potential from a target value immediately after the start 
of charging; 
FIG. 7 is a chart showing a method for compensating 

said aberration; 
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FIG. 8 is a control flow chart for said compensation 
shown in FIG. 7; 
FIG. 9A is a chart showing the control procedure for 

charging and exposure; 
FIG.9B is a chart showing the procedure of forming 

light and dark potentials in order to determine the con 
trol factor; 
FIG. 10 is a block diagram showing another embodi 

ment of the present invention; and 
FIGS. A and B show a control flow chart there 

for. 

DESCRIPTION OF THE PREFERRED 
EMBOOMENTS 

The present invention will be disclosed in detail by 
the following description of the preferred embodiment 
to be taken in conjunction with the attached drawings. 

FIG. 2 schematically shows an image recording ap 
paratus, for example an electrophotographic copier, 
employing the image recording control of the present 
invention, wherein a photosensitive drum 1 has a three 
layered structure consisting of an insulating layer, a 
photoconductive layer and a conductive layer in the 
order from the external periphery thereof. Close to said 
drum is provided a primary charger 5 for charging the 
entire surface of said drum 1. Adjacent to said primary 
charger 5 and along the rotating direction of said drum 
1 there are provided a secondary charger or charge 

- eliminater 6, and a flush exposure lamp 7. An original 
document 2 placed on a platen is illuminated by an 
exposure light source 4 such as a halogen lamp, and the 
reflected light is focused through an optical system 3 on 
said drum 1 in the vicinity of said secondary charger 6, 
which eliminates the charge on the drum according to 
the amount of exposure, thereby forming an electro 
static latent image of the original on said drum 1. Said 
latent image is further exposed entirely to the light of 
said flush exposure lamp 7, thereby forming an electro 
static latent image with improved tonal rendition. 
Thereafter said latent image is developed with toner by 
a developing roller 10 in a developing station 9 accord 
ing to the known jumping development process. 

In the vicinity of said photosensitive drum 1 and 
between the flush exposure lamp 7 and the developing 
station 9 there is provided a surface potential sensor 8, 
which measures the surface potential of the drum and 
transmits the measured result to a surface potential 
measuring circuit 12. The output signal from said circuit 
12 is converted in an A/D converter 15 and is supplied 
to a microcomputer 16 for data processing to be ex 
plained later. Said microcomputer 16 can be composed 
of a known one-chip microcomputer incorporating 
read-only memory, random-access memory etc., for 
example a device known under a model number 8049 
supplied by Intel Corp. The output signals after said 
data processing are converted into analog signals by 
D/A converters 17a-17d and supplied to high-voltage 
generating circuits 18, 19, a developing bias circuit 20 
and an exposure control circuit 21 to respectively con 
trol the high voltages supplied to the primary and sec 
ondary chargers, developing bias and voltage supplied 
to the halogen lamp. 

In such apparatus, a light potential VSL correspond 
ing to a strong light exposure and a dark potential VD 
corresponding to the absence of light exposure are 
formed on the photosensitive drum 1 by suitably light 
ing and extinguishing said exposure lamp 4 or an un 
represented blank exposure lamp. Said potentials are 
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4. 
detected by the potential sensor 8, then converted to 
determined levels by the measuring circuit 12, further 
converted into digital signals by the A/D converter 15 
and stored in the microcomputer 16 in response to a 
timing signal supplied from an unrepresented sequence 
controller. Thus stored values are utilized for control 
ling the primary and secondary currents I, I2 in the 
primary and secondary chargers 5, 6 according to the 
following equations: 

A1 = a1a VD--a2A WSL (1) 

Al2=f31AVD-32A WSL (2) 

wherein AI, AI2 are the amounts of variation, AVD, 
AVSL are the aberrations from target values, and a1, a2, 
R1, 62 are control factors. 

Subsequent to such charging control, a light potential 
VL is formed by a standard exposure, then converted in 
a similar manner and processed in the microcomputer 
16 according to the following equation: 

A/HL=y1AVL (3) 

wherein AVL is the aberration from the target and y1 is 
a constant. The output signal is supplied through the 
D/A converter 17a to the exposure control circuit 21 
for controlling the lighting voltage VHL of the halogen 
lamp for original exposure. 

Subsequent to said exposure control a light potential 
VL is formed with a standard exposure and processed in 
the same manner to calculate: 

WDB= WL- Vo (4) 

wherein Vois a constant. The result of said calculation 
is supplied through the D/A converter 17b to the devel 
oping bias circuit 20 to control the developing bias 
voltage VDB. 
The above-mentioned controls are conducted at a 

determined timing prior to the image forming cycle, 
and are capable of completely compensating the slow 
change in the characteristic of the photosensitive drum 
caused by deterioration or environmental change. 

Subsequently, in response to a timing signal supplied 
from an unrepresented sequence controller, the mi 
crocomputer 16 measures the charging hysteresis, i.e. 
the charging-off period ToFF and the charging-on per 
iod Tow to control the voltage VHL supplied to the 
halogen lamp for illuminating the original in the follow 
ing manner. During the charging step said voltage is 
corrected according to the following equation: 

VHL(ON)= AE(1-e/1)+(VHL-AE) (5) 

wherein AE indicates the correction according to the 
charging hysteresis, as graphically shown at the left 
hand side in FIG. 3. Also when the charging step is 
terminated, said voltage VHL is reduced to zero by the 
sequence controller and is thereafter controlled accord 
ing to the following equation, as graphically shown in 
the right-hand side in FIG. 3: 

VHL(OFF)=AE-e/2+(VHL-AE) (6) 

T1 and T2 in the equations (5) and (6) are time constants 
respectively in the order of 20 to 30 seconds and about 
5 minutes. 
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Also, in case the charging step is initiated before the 

charging off period ToFF reaches saturation as shown 
by a curve B in FIG. 3, the control is conducted accord 
ing to the equation (5) except that AE therein is re 
placed by: 5 

AE-TOFF/T2 (7) 

Also, in case the charging step is terminated before the 
charging on period TON reaches saturation, the control 
is conducted according to the equation (6) except that 
AE therein is replaced by: 

10 

AE-(1-e-TON/t1) (8) 

The constants AE, T1 and T2 include fluctuations in- 15 
herent to each photosensitive drum and variations 
caused by environmental change. Consequently, prior 
to the control of the halogen lamp lighting voltage 
according to the equations (5) to (8), said constants are 
calculated in a control rotation of the drum to be con 
ducted during the warming-up period of the apparatus, 
warming-up period of the fixing heater, preliminary 
rotation of the photosensitive drum for electrostatic 
cleaning prior to the copying operation or during con 
trol of the latent image potential according to the afore 
mentioned equations (1) to (4). In the present embodi 
ment the charging-on period and charging-off period 
are measured by a timer provided in the microcom 
puter. 

In the present embodiment, in case the pause between 
the image forming cycles exceeds 30 minutes, the dark 
potential is measured during said preliminary rotation 
or during control rotation for controlling the potential 
of the latent image, in order to determine the change in 
charging immediately after the start of the charging 
step thereby obtaining AE, t1 and t2. As shown in the 
control. flow chart in FIG. 5, in case the copy start 
button is actuated at t=0 (Step 30) after a pause longer 
than 30 minutes (T1), the drum rotations for charging 
and exposure control according to the equations (1) to 
(4) are effected before the image forming cycle. Subse 
quently, it is identified if the pause TOFF is longer than 
T1, and, if so, the program proceeds to the Step 32 for 
the measurement of the initial characteristic. 

In said measurement of the initial characteristic the 
exposure lamp 4 or the unrepresented blank exposure 
lamp is extinguished immediately after the start of 
charging (to) and at determined times (t1 and t2) to de 
termine the dark potentials VD(to), VD(t1) and VD(t2), 50 
from which the microcomputer 16 calculates AE, T1 and 
T2 (Step 33) according to the following equations: 
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E=AE(1-e-1/1) (9) 
55 

E=AE(1-e-2/1) (10) 

wherein: 

E = WD(t)- VD(to) and 60 

and T1 is the time constant of the charging recovery 
characteristic. By substituting e in the equations (9) and 
(10) with: 65 

6 
there are obtained the following approximations repre 
sented by a chain line in FIG. 4: 

from which r1 is determined by: 

-Et2 + E211 
rl = 2E - E) 

Assuming t2=2t1: 

(-4E -- E) 
r = 2E - E - ti 

By writing k1 = (-4E1--E2)/2(2E1-E2), there is ob 
tained: 

r1 = k1t (13) 

AE=Ek1(1-3k1) (14) 

On the other hand the time constant t2 representing 
the charge decay after the termination of charging is 
given by: 

T2=k2T1 (15) 

wherein k2 is a constant not influenced by the fluctua 
tion between different drums or by the environmental 
change and is obtained as a mean value of measurements 
on plural drums. 

In this manner AE, T1 and T2 are calculated in the Step 
33 and are utilized in the aforementioned exposure con 
trol in response to the charging hysteresis according to 
the equations (5) to (8). Subsequent to said calculation 
the aforementioned control according to the equations 
(1) to (4) to effected in the Steps 34 to 38. 
Then I1, I2, VHL and VDB determined before are 

respectively corrected in the Step 39 by: 

Ik1AE(1-et/l) (16) 

Ik2AE(1-et/l) (17) 

WDBkaAE(1-e/l) (19) 

wherein k1 to k4 are constants, and the copying opera 
tion is initiated in the Step 40. 
On the other hand, in case the pause TorFis shorter 

than T1, the Step 41 is executed to identify if TOFF is 
longer than T2. Said period T2 is so selected as to satisfy 
a condition T2) >T1 in case a condition T2) > T2 exists 
but the heater requires a considerable period for reach 
ing a fixing state. Thus, if T2 <ToFF-CT1, the program 
proceeds to the Step 34 without the measurement of the 
initial characteristic. In the present embodiment said 
period T2 is selected as 1 minute. 

In case the pause is shorter than said period Step 42 is 
executed to identify if the pause is longer than T3. Said 
period T3 is so selected as not to satisfy the conditions 
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T3>> T2, T3>> T1 but as to allow drum rotations for 
one or two turns for controlling the latent image forma 
tion and the exposure according to the equations (16) 
and (17), and the program proceeds to Step 37 when a 
condition T3 <ToFFC T2 is satisfied. In the present 
embodiment the period T3 is selected equal to 10 sec 
onds. 

In case TOFFCT3, Step 39 is executed to perform the 
compensation for initial fluctuation according to the 
equations (16) to (19). 
The control according to the equations (1) to (4) in 

response to the aforementioned detection of the latent 
image potential is not conducted in real-time but is 
delayed by the distance from the control means to the 
potential sensor 8. Also, said control cannot be executed 
frequently since the lamp utilized for forming the light 
and dark image areas requires considerably long start 
ing and extinguishing time. For this reason the control 
of the latent image potential is executed in case 
ToFF) > T2 and when the charging time satisfies the 
condition ToN>> T1 after sufficient preliminary rota 
tion during the warm-up time of the fixing heater. The 
optimum control value of the latent image potential is 
stored in the microcomputer in order to control the 
image formation. 

Also the fluctuation in the charging characteristic 
resulting from charging hysteresis, giving rise to a den 
sity difference between the first and second copies in 
every copying operation, is compensated by correcting, 

... according to the equations (5) to (8), the optimum image 
conditions obtained by the latent image potential con 
trol. 

In the above-mentioned image recording control, the 
image potential will become aberrated from the target 
value if the control for the image potential is conducted 
during the initial period of the charging step when said 
fluctuation is significant. More specifically, as shown in 
FIG. 6, the dark potential VD can be brought to VDt2 
approximately equal to the target value VDoby starting 
the charging at to, measuring the dark currentVDt1 at t1 
and executing the compensation at t2 for the primary 
and secondary currents according to the equations (1) 
and (2). However the potential will become aberrated 
from said target value afterwards, when the initial fluc 
tuation is terminated. Such inconvenience in the image 
potential control can be resolved by a method explained 
in the following in relation to FIG. 7. At first AE is 
determined according to the aforementioned equations 
(13) to (15) by measuring VD at to, t1 and t2. Then 
VDOT) is calculated and introduced into the equations 
(1) and (2) in place of VD(t2), and the obtained control 
values for I1, I2 are utilized for compensation at t3. In 
this manner the potential VD arrives at the value VDt3 
on the target curve. 
FIG. 8 shows a control flow chart showing an exam 

ple of such control. In FIG. 8 the Steps 40 to 43 are the 
same as Steps 30 to 33 in FIG. 6 and are therefore omit 
ted from the following explanation. The control steps 
shown in FIG. 7 are executed in the Steps 44 and 45. 

Subsequently, Step 46 is executed to correct the cur 
rents I1 and I2 according to: 

Ik1AE(1-et/l) and 

according to the charging hysteresis, wherein k1 and k2 
are constants. The exposure and developing conditions 
are also corrected according to the charging hysteresis 
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8 
and the copying operation is initiated with such cor 
rected conditions in Step 47. 

In case the length of pause is shorter than T1 in the 
flow chart shown in FIG. 8, the corrections are made 
with the preceding values without repeated measure 
ment of the initial characteristics, 

In the foregoing embodiment the recording condi 
tions including the charging exposure and developing 
conditions are controlled by the latent image potential 
measured as a parameter indicating the surface state and 
the exposure condition is further corrected by the 
charging hysteresis, but it is also possible to omit the 
control on some of the recording conditions, to apply 
the correction according to the charging hysteresis to 
other condition or conditions. Furthermore it is possible 
to achieve similar control according to the density of 
the developed image in place of the latent image poten 
tial. 
As explained in the foregoing, the apparatus of the 

present invention comprises means for measuring the 
charging hysteresis of the recording member, means for 
correcting the image recording conditions according to 
said charging hysteresis and means for measuring and 
memorizing the initial fluctuation in the charging char 
acteristic of the recording member in the initial period 
of the charging step in order to modify the correction of 
image recording conditions determined by the measure 
ment of surface potential in response to the memorized 
fluctuation and further to modify said correction ac 
cording to the charging hysteresis. 

In this manner the apparatus of the present invention 
provides the advantages of: 

(1) achieving complete compensation for a rapid fluc 
tuation in the characteristic of the photosensitive drum 
immediately after the start of the charging step and for 
a slow change in said characcteristic caused by environ 
mental change or deterioration; 

(2) avoiding an external timer circuit for measuring 
the charging hysteresis or a mixing circuit for the result 
of said measurement and the control data determined 
according to the latent image potential, since the charg 
ing hysteresis is measured inside the microcomputer 
itself 

(3) achieving compensation for the initial fluctuation 
caused by an environmental change, particularly by 
humidity change without direct measurement of the 
humidity; and 

(4) avoiding the necessity of adjustment of AE and T1 
at each drum replacement. 

Furthermore, the control factors a1, a2, 31 and A32 in 
the foregoing equations (1) and (2) can be made variable 
according to certain conditions, for example according 
to the length of pause between charging steps or to the 
fluctuation between different photosensitive drums, as 
will be explained in the following embodiment, 

In such case, as shown in FIG. 9A, the charging 
control according to the equations (1) and (2) is re 
peated for a number of times determined for example, 
by a pause. For example, it is repeated four times at the 
start of power supply. In the first charging control the 
primary and secondary currents I1, I2 are changed in 
three phases to measure the light potential VSL and dark 
potential VD. Said control factors at 1, a2, 31 and £32 are 
calculated from the charging characteristic of the pho 
tosensitive drum thus determined. 
More specifically, as shown in FIG.9B, the exposure 

lamp 4 or an unrepresented blank exposure lamp is 
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turned on at a high intensity during a period 0-t3 to 
determine the light potential VSL, and said lamp is extin 
guished during a period ta-ta to determine the dark 
potential VD. 
The primary and secondary currents are adjusted to 5 

I10, I-20, which are determined at the production of the 
apparatus or at the preceding control, during periods 
0-t1 and ta-ts, then to I10+A and 120+ B during periods 
t1-t) and t5-té, and to (I10-i-A)--C and (120+B)--D 
during periods t?-t3 and ts-t, wherein A, B, C and D are 10 
constants. The light potentials VSL(0-t1)=X1, 
VSL(t-t2)= x2, VSL(t3-t4) and the dark potentials 
VD(ta-ts), VD(t5-ts)=y2, VD(tó-t7)=y3 are stored in 
the microcomputer 16. 
By writing r1=y2-y1, r2=y3+y2, q1 =X2-X1 and 

q2=x3-x2, the equations (1) and (2) can be rewritten as: 
A = a1r1--a2q1, B=f31r1--A291, C= d. 1r2-d2g2 and 
D=f31r2-g2q2, so that a1 = (q1C-q2A)/(r2q1-q2r), 
a2=(Ar2-r1C)/(r2g-q2r), 
f31=(q1D-q2B)/(r2q1-q2r), and 
A32 = (Br2-rD)/(r2g1-q2r). 
The control factors a1, a2, 61, 32, measured values 

x1, y1 and initial values I.10, I-20 are introduced into the 
equations (1) and (2) to obtain second control values I 
and I2. 
The determination of factors in the foregoing em 

bodiment is conducted in the first charging control, but 
it can also be conducted in the following manner: 

a. The first control is executed with the control fac- 30 
tors predetermined at the production of the apparatus, 
and the factors are calculated in the second control or 
thereafter; 

b. The control is repeated three times with deter 
mined control factors to determine the control factors; 35 

c. Correction is made in case the control factors de 
termined in the method b are larger than those used 
before. As an alternative, it is also possible to calculate 
the control factors a number of times and use the mean 
value thereof as the control factors thereafter. It is fur- 40 
thermore possible to indicate the necessity of drum 
replacement in case the control factors thus determined 
become smaller than predetermined values. 

Furthermore, it is possible to determine the control 
factors by changing the exposure condition in combina- 45 
tion with or in place of the charging condition. 
As explained in the foregoing, since the control is 

always conducted with the control factors matching the 
charging characteristic of the photosensitive drum, the 
apparatus of the present invention allows the target 50 
potential to be reached with a reduced number of con 
trols. Also the higher precision of control allows expan 
sion of the tolerance for the fluctuation of performance 
between different photosensitive drums or for time 
dependent deterioration of the drum, thus significantly 55 
extending the service life of the photosensitive drum. 
Furthermore the waste time for the calculation of cont 
trol factors is avoided since it can be simultaneously 
conducted with the control itself. 

Furthermore, the aforementioned control method of 60 
calculating the control factors in the control equations 
can also be formulated in such a manner that the image 
forming conditions determined by said control equa 
tions are corrected according to the charging hysteresis 
and the initial fluctuation in the charging characteristic. 65 
An embodiment employing such method is shown in 

FIG, 10, wherein the components are the same as those 
in FIG. 2 are represented by same numbers. 
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In this embodiment a fixing temperature sensor 11 is 

positioned under the photosensitive drum 1. The signals 
from the surface potential sensor 8 and the temperature 
sensor 11 are respectively supplied to a surface potential 
measuring circuit 12 and a fixing temperature measuring 
circuit 13, of which output signals are supplied through 
an analog switch 14, converted into digital signals by an 
A/D converter 15 and introduced into the microcom 
puter 16 for data processing reflecting the surface po 
tential and the fixing temperature as will be explained in 
the following. 
Now reference is made to a corresponding control 

flow chart shown in FIG. 11. The charging step by the 
chargers 5, 6 is initiated by a Step 50. At the start of said 
charging step the temperature of an unrepresented fix 
ing roller is detected by the temperature sensor 11, 
temperature measuring circuit 13 and analog switch 14, 
and the obtained signal is supplied through the A/D 
converter 15 to the microcomputer 16 for calculating 
the length of pause TOFF after the preceding charging 
step from the temperature characteristic. In case the 
fixing roller requires a considerable period for reaching 
the fixing temperature, a period T1 is so selected to 
satisfy a condition Tid > T2, and Step 51 identifies if 
ToPFCT1. In the present embodiment said period T1 is 
for example selected as 30 minutes. In case the result of 
said identification is affirmative indicating a long pause 
with a significant initial fluctuation, Step 52 is executed 
to measure the initial characteristic. The Steps 52 and 53 
are the same as the Steps 32 and 33 shown in FIG. 6. 

Subsequently Steps 54 to 56 are executed to repeat 
the charging control number of times as illustrated in 
FIG. 9A. Said charging control is conducted by mea 
suring, with the surface potential sensor 8, the light 
potential VSL formed by lighting the exposure lamp 4 
with a high intensity and the dark potential VD formed 
by extinguishing said lamp for calculating the charging 
currents according to the following equations: 

wherein a' 1, a'2, 6' 1, 6'2 are constants programmed in 
the microcomputer 16 at the production of the appara 
tus, C1, C2 are target values of VD and VSL, and I10, 120 
are initial or previous control values. 

Said charging control is terminated after a period 
sufficient for absorbing the initial fluctuation, namely a 
period satisfying the condition ToN) >T1. 

After VD and VSL become sufficiently close to the 
target values, Step 57 is executed to calculate the con 
trol factors in the equations (20) and (21). Said calcula 
tion is conducted by measuring the light potential VSL 
formed by an exposure with a high intensity during a 
period from 0 to t3 and the dark potential VDformed by 
extinguishing the exposure lamp during a period from 
t3 to t. Also the primary and secondary currents, Il, I2 
are adjusted to I10, 20 which are calculated in the Step 
56 in FIG. 11 during periods 0-t1 and ta-ts, then to 
I10+A, 120+B during periods t1-t2 and t5-tó, and to 
(I10+A)--C, (120--B)--C during periods t2-t3 and to-ti, 
wherein A, B, C and D are constants. The light poten 
tials VSL(0-t1)=x1, VSL(t1-t2)= x2, VSL(t2-t3)=X3 and 
the dark potentials VD(ta-ts)=y1, VD(t5-té)=y2, 
VD(tó-ti)=y3 thus formed during the period 0 to t7 are 
stored in the microcomputer 16. 
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1. 

By writing r1 = y2-y1, r2=y3-y2, q1 = x2-x1 and 
q2 =X3-X2, the equation (8) can be rewritten as A=or 
1--a291, B=f3r1 + 62q, C= a1r2--a2g2 and 
D=f31r2-g2q2, so that a1 = (q1C-q2A)/(r2q1-q2r), 
a2 = (Arz-r1C)/(r2g 1-q2r), 
f1=(q1D-q2B)/(r2g1-q2r), 
R2 = (Br2-rD)/(r2g-q2r). 
The values a 1, a2, 31 and 32 thus obtained are stored 

in the memory of the microcomputer 16 instead of the 
aforementioned values d', d'2, 31 and g2. 
Then Step 58 is executed to measure VD and VSL, and 

to determine I1 and I2 according to the equations (20) 
and (21) with newly determined control factors. 
Then the exposure lamp 4 is adjusted to the standard 

intensity for measuring the light potential VLin the Step 
59, and the exposure control is conducted by correcting 
the lighting voltage VHL of the exposure lamp accord 
ing to an equation AVHL=y1AVL wherein AVL is the 
aberration in VL. After said exposure control Step 60 is 
executed to again measure VL, and Step 61 calculates 
the developing bias voltage VDEaccording to an equa 
tion VDE=VL-I-C3 wherein C3 is a constant voltage. 

In the following Step 62 the values I1, 12, VHL and 
VDB already obtained in the foregoing procedure are 
respectively corrected by the following equations: 

(22) 
w TOFF --- 

II -- C4AE 1 - e e ri 

(23) 
TOFF --- 

12 + C3AE 1 - e e 1 

(24) 
TOFF --- 

VHL + C6AE 1 - e e l 

(25) 
TOFF --- 

WDB -- CAE 1 - e 2 e 1 

wherein C4-C7 are constants. Then in the following 
Step 63 the image forming cycle is initiated with the 
charging, exposure and developing bias determined by 
the above-mentioned equations (22) to (25) in response 
to the pause TOFF and the charging period t. 

In case TOFFCT1, Step 64 is executed to identify if 
ToFF)T2, wherein the period T2 is so determined as 
not to satisfy a condition T2>> T2 but is long enough 
for bringing the heater to the fixing condition, i.e. 
T2) >T1. Thus, in case T2 <TOFF CT1, the program 
proceeds to the Step 54 without the measurement of the 
initial characteristic. In the present embodiment the 
period T2 is selected equal to 1 minute. 
Also in case TOFFCT2, Step 65 is executed to identify 

if TOFF) T3, wherein the period T3 is so selected as not 
to satisfy conditions T3>> T2 and T3>>. t1 but is long 
enough to allow drum rotation for one or two turns for 
controlling the latent image potential and exposure 
according to the equations (20) and (21). In case T3 <- 
TOFF-T2 the calculation of control factors are omitted. 
In the present embodiment said period T3 is selected 
equal to 20 seconds. 

In case TOFFCT3, Step 66 is executed to identify if a 
condition TOFF) T4 is satisfied, wherein the period T4 is 
selected shorter than the period required for drum rota 
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12 
tion for the control. In case TOFFCT4, executed is the 
correction for the initial fluctuation according to the 
equations (22) to (25). In the present embodiment the 
period T4 is selected equal to 5 seconds. 

In the foregoing procedure, the periods T1 to T4, in 
which the charging is interrupted, are detected by the 
measurement of the temperature of the fixing roller 
with the sensor 11 under the control of the analog 
switch 14. 
As detailedly explained in the foregoing, in the appa 

ratus of the present invention, the image forming condi 
tions determined by the control factors matching the 
characteristic of the photosensitive drum are corrected 
according to the charging hysteresis and the initial fluc 
tuation of the charging characteristic. It is therefore 
rendered possible to simultaneously compensate the 
change in the sensitivity immediately after the start of 
the charging step and the change in the sensitivity re 
sulting from a change in the environmental conditions, 
and to further compensate slow changes in the charac 
teristic resulting for example from time-dependent dete 
rioration of the photosensitive drum. Such compensa 
tions are not affected by the fluctuations between differ 
ent photosensitive drums or by the environmental 
changes, and thus enable the avoidance of cumbersonne 
adjustments for the various control factors in the re 
placement of the photosensitive drum. 
What we claim is: 
1. An image forming apparatus comprising: 
image forming means for forming an image on a re 

cording medium; 
measuring means for measuring a sensitivity charac 

teristic of the recording medium prior to the image 
formation; and 

control means for detecting an image forming condi 
tion and controlling said image forming means to 
provide a proper image forming condition by 
means of performing a predetermined arithmetic 
processing for the detected value, said control 
means being adapted to determine a parameter 
involved in the arithmetical processing in accor 
dance with the sensitivity characteristic measured 
by said measuring means. 

2. An image forming apparatus according to claim 1, 
wherein said correcting means corrects the parameter 
in accordance with a rest time period of the image form 
ing operation. 

3. An image forming apparatus according to claim 2, 
wherein said correcting means corrects the parameter 
when said rest time period is greater than a predeter 
mined value, and does not correct the parameter when 
said rest time period is less than the predetermined 
value. 

4. An image forming apparatus according to claim 1, 
wherein said image forming means includes an exposure 
lamp for exposing an original, and said parameter per 
tains to a turn on voltage of said exposure lamp. 

5. An image forming apparatus according to claim 1, 
wherein said image forming means includes a charger 
for charging said recording medium, and said parameter 
pertains to a charging current of said charger. 

6. An image forming apparatus according to claim 1, 
wherein said image forming means includes a developer 
for developing a latent image formed on said recording 
medium, and said parameter pertains to a developing 
bias voltage to be applied to said developer. 
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7. An image forming apparatus according to claim 1, 
wherein said control means includes detecting means 
for detecting a surface condition of said recording me 

14 
correcting means for correcting the coefficient of said 

arithmetic expression, if said image forming means 
is inoperative exceeding a predetermined time. 

10. An image forming apparatus according to claim 9, 
dium, and wherein said control means controls said 5 wherein said image forming condition is an electric 
image forming means in accordance with the output of 
said detecting means. 

8. An image forming apparatus according to claim 7, 
wherein said surface condition is a surface potential of 
said recording medium. 

9. An image forming apparatus comprising: 
image forming means for forming an image on a re 

cording medium; 
detecting means for detecting a surface condition of 

said recording medium; 
control means for controlling said image forming 
means so as to provide a proper image forming 
condition in accordance with an output of said 
detecting means, said control means being ar 
ranged to carry out an arithmetic processing for 
the output value from said detecting means in ac 
cordance with a predetermined arithmetic expres 
sion, and to operate said image forming means in 
accordance with the arithmetic processing result; 
and 

10 

15 

charging characteristic of said recording medium. 
11. An image forming apparatus according to claim 9, 

wherein said correcting means measures the rising vari 
ation of a sensitivity characteristic of the recording 
medium, and corrects the coefficient of said arithmetic 
expression in accordance with the measured rising char 
acteristic. 

12. An image forming apparatus according to claim 9 
wherein said image forming means includes an exposure 
lamp for exposing an original, and said coefficient per 
tains to a turn on voltage of said exposure lamp. 

13. An image forming apparatus according to claim 9, 
wherein said image forming means includes a charger 
for charging said recording medium, and said coeffici 

0 ent pertains to a charging current of said charger. 
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14. An image forming apparatus according to claim 9, 
wherein said image forming means includes a developer 
for developing a latent image formed in said recording 
medium, and said coefficient pertains to a developing 
bias voltage to be applied to said developer. 

15. An image forming apparatus according to claim 9 
wherein said surface condition is a surface potential of 
said recording medium. 
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